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Abstract 
Purpose of Study: This study is an application of differential person functioning (DPF) on the data of Taiwan PISA 2015 
science literacy. We use this method to understand the strength and weakness of Taiwan students in science literacy. It is also 
hoped that the results could be helpful in improving the content of curriculum and the remedial instruction. 
Methodology: We transpose the person-item data matrix into an item-person matrix, and use Mantel-Haenszel method to 
analyze this matrix. The focal and reference groups change from persons to item clusters, that is, cognitive domains in the 
PISA science assessment. 
Main Findings: Results show the proportions of DPF are very few. This implies most Taiwan students have a comprehensive 
science literacy. Up to 5.9% students perform differentially in three science competencies. Most DPF students perform better in 
the explain phenomena scientifically (EP) competency than the others no matter what proficiency level they are belong to. This 
may reflect the current situation of science education in Taiwan. The experts and teachers should develop more curriculums to 
reinforce the students’ competencies about evaluate and design scientific enquiry (ED) and interpret data and evidence 
scientifically (ID). 
Limitations: The effect sizes of DPF are not provided, the degree of DPF is unidentified. DPF analyses only test the relative 
difference in two cognitive scales. Future studies can incorporate other cognitive diagnostic model to obtain more information 
in detail. 
Importance of Study: The PISA assessments provide a favorable framework to examine students’ literacy. The results of 
international reports show that Taiwan students performed well in science. The application of differential person functioning 
can find out the weaknesses of Taiwan students in science literacy. Furthermore, we applied the DPF procedure to explore the 
characteristics of students in the different level of performance. 
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INTRODUCTION 
An item showed DIF when it functioned differentially between subgroups of persons who were drawn from the same 
population or were matched on the same abilities. Similarly, a person might function differently on subgroups of items which 
had the same correct probabilities or difficulty. Such person functioning behavior was referred to as differential person 
functioning (DPF) (Alsmadi, 1998; Johanson & Alsmadi, 1998; Johanson & Osborn, 2000; Johanson & Alsmadi, 2002). 
In 2015, thousands of Taiwan youths took part in the Program for International Student Assessment (PISA). Taiwan students’ 
results rank 4th in PISA 2015 science literacy performance among the 72 participating countries/economies (OECD, 2016a). 
The science performance of Taiwan students has prominent changes between PISA 2012 and PISA 2015. Not only has the 
percentage of top performers increased significantly, but the percentage of low performers increases too. According to the 
PISA 2015 framework, the science literacy contains three competencies explaining phenomena scientifically, evaluating and 
designing scientific enquiry, and interpreting data and evidence scientifically. It is necessary to find out what science 
competencies Taiwan students are lacking of. 
THEORETICAL BACKGROUND 
Mantel-Haenszel Procedure 
The Mantel-Haenszel statistic (Holland & Thayer, 1988) uses observed scores to detect whether the item flagged DIF or not. It 
is very convenient to compute and understand the magnitude of DIF because the MH statistic is connected with ETS scale. The 
MH statistic estimates the odds ratios in the focal and reference group for separate score levels. The odds ratios can be 
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computed via a 22  table in each score level and aggregated to gain a common odds ratio for the item. The common odds 
ratio can be expressed as 
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According to ETS scale, the common odds ratio can be transformed into a delta value. The classification of DIF items is as 
follows: an item with MH chi-square is not significant or the delta value is smaller than 1 in absolute value is classified as an 
A-level DIF item (negligible or non-significant DIF); an item with the delta value is significantly greater than 1 in absolute 
value and greater than 1.5 in absolute value is classified as a C-level DIF item (moderate to large DIF); an item with statistics 
meet the criteria of A-level DIF but do not meet the criteria of C-level DIF is classified as a B-level DIF item (small to 
moderate DIF). However, this effect size specifically refers to the degree of differential functioning of items. When it is applied 
in differential functioning of persons, the values may change. 
PISA 2015 Science Literacy 
PISA seeks to measure the extent to which 15 year-old students have prepared to cope with the challenges of knowledge 
societies. The assessment focuses on students’ competence of using their knowledge and skills to deal with real-life challenges 
rather than merely how much they have mastered the school curriculum (Brozo, Shiel, & Topping, 2007). The concept of PISA 
science literacy is concerned with the competence to engage with science-related issues, and it also refer to be a reflective 
citizen with the ideas of science. A scientifically literate student is ready to engage in reasonable discussion about science and 
technology (OECD, 2016b). Therefore, the 15 year-old students are asked to perform the following three types of science tasks 
in 2015 PISA: (OECD, 2016a) 
a. Explain phenomena scientifically (EP): recognize, offer and evaluate explanations for a range of natural and 
technological phenomena. 
b. Evaluate and design scientific enquiry (ED): describe and appraise scientific investigations and propose ways of 
addressing questions scientifically. 
c. Interpret data and evidence scientifically (ID): analyze and evaluate data, claims and arguments in a variety of 
representations and draw appropriate scientific conclusions. 
METHODS 
This study was an application of differential person functioning on the data of Taiwan PISA 2015 science literacy. The 
researchers used this method to understand Taiwan students’ strength and weakness in 2015 PISA science literacy. Moreover, 
the DPF condition of different science mastery level also could be compared to explore what capacity the low-performance 
students were short of. 
The data were downloaded from OECD website (http://www.oecd.org/pisa/data/2015database/). According to PISA 2015 
cognitive data, there are 184 science items, which were consisted of 89 items for EP competency, 39 items for ED competency, 
and 56 items for ID competency. The number of subjects was 7708, but not every examinee responded to all of the items. 
There were about more than 800 subjects per item. Researchers would transpose the data matrix to examine the differential 
functioning of each subject on any two subscales of items which had the same difficulty levels. 
Based on the international report of PISA 2015 (OECD, 2016a), each student had ten plausible values to represent his/her 
science proficiency. Then, the plausible values could be divided into eight levels of proficiency. These were below level 1b, 
level 1b, level 1a, and level 2 to level 6. The researchers transformed the plausible values to the proficiency levels. Table 1 
showed the distribution of eight proficiency levels for Taiwan students. 
Every plausible value had similar frequency distribution, so we would only use the first PV for analysis. Because level 2 was 
considered a baseline level of proficiency, researchers would combine the cases of below level 1b, level 1b, and level 1a as the 
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low performers group. Similarly, the cases of level 5 and level 6 formed the top performers group. The study used MH 
statistics to examine the proportion of cases that had DPF in these two groups. In order to well know the cognitive structures of 
Taiwan students, the significance level of DPF will set to 0.10. 
Table 1. Percentage of eight proficiency levels for Taiwan students 
Proficiency levels PV1 PV2 PV3 PV4 PV5 
level 6 2.7 2.2 2.3 2.6 2.4 
level 5 12.8 12.6 12.6 12.6 12.1 
level 4 26.5 27.0 26.8 26.7 26.3 
level 3 27.5 27.4 27.1 27.1 28.4 
level 2 17.7 18.4 18.0 17.7 18.3 
level 1a 9.7 9.0 10.1 10.0 9.3 
level 1b 2.7 2.8 2.8 2.7 2.9 
below level 1b .4 .4 .4 .5 .3 
Proficiency levels PV6 PV7 PV8 PV9 PV10 
level 6 2.5 2.5 2.5 2.6 2.3 
level 5 12.4 12.5 12.1 12.6 12.9 
level 4 27.0 27.1 27.2 26.7 26.6 
level 3 27.4 26.9 27.2 27.0 27.1 
level 2 17.6 17.8 18.0 18.3 18.6 
level 1a 9.4 9.9 9.7 9.7 9.5 
level 1b 3.4 2.9 3.0 2.8 2.7 
below level 1b .3 .3 .3 .3 .4 
RESULTS 
The purpose of this study is to understand whether Taiwan students function differently over two sets of items in PISA 2015 
science assessment. If Taiwan students behave differently, this indicates that there are performance differences in two 
subscales after controlling for overall item difficulty. 184 science items are divided into three subscales—explain phenomena 
scientifically (EP), evaluate and design scientific enquiry (ED), and interpret data and evidence scientifically (ID). Pairwise 
comparisons for the three subscales are done. 
Table 2 shows the numbers and proportions of DPF between EP and ED scales. Table 3 shows the DPF between EP and ID 
scales. And table 4 shows the DPF between ED and ID scales. In column 2 of these three tables, there are two values in each 
cell. Total numbers represent the numbers of Taiwan students in each proficiency level. However, each student takes different 
test form, so they do not take every item in the three domains. If one student does not take enough items in any domain, he/she 
was excluded from the analysis because there are not enough items to compute MH statistics. Therefore, total numbers for 
analysis represent the actual sample sizes when we perform the DPF analysis. Column 3 shows the numbers and proportions of 
DPF in each proficiency level. Results show only 5.9% DPF at most across three scales. Even the significance level of MH is 
set to 0.10; the DPF is still few for Taiwan students. The numbers and proportions of DPF students who have greater abilities 
in relative domains are marked in column 4 and column 5. 
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Table 2. Numbers and Proportions of DPF between EP and ED. 
Proficiency Level 
Total # 
(# for analysis) 
# of DPF 
(%) 
# of DPF students perform 
better on EP (%) 
# of DPF students perform 
better on ED (%) 
Low-performance  
985 
(538) 
14 
(2.6%) 
11 
(78.6%) 
3 
(21.4%) 
2 
1367 
(993) 
31 
(3.1%) 
24 
(77.4%) 
7 
(22.6%) 
3 
2122 
(1697) 
84 
(4.9%) 
76 
(90.5%) 
8 
(9.5%) 
4 
2040 
(1560) 
86 
(5.5%) 
80 
(93.0%) 
6 
(7.0%) 
High-performance  
1194 
(701) 
23 
(3.3%) 
23 
(100.0%) 
0 
(0.0%) 
Note. Low-performance level includes level 1a, level 1b, and below level 1b. High-performance level includes level 5 and level 6. 
Table 3. Numbers and Proportions of DPF between EP and ID. 
Proficiency levels 
Total # 
(# for analysis) 
# of DPF 
(%) 
# of DPF students perform 
better on EP (%) 
# of DPF students perform 
better on ID (%) 
Low-performance 
985 
(762) 
22 
(2.9%) 
18 
(81.8%) 
4 
(18.2%) 
2 
1367 
(1200) 
61 
(5.1%) 
50 
(82.0%) 
11 
(18.0%) 
3 
2122 
(1929) 
113 
(5.9%) 
87 
(77.0%) 
26 
(23.0%) 
4 
2040 
(1640) 
79 
(4.8%) 
63 
(79.7%) 
16 
(20.3%) 
High-performance 
1194 
(647) 
7 
(1.1%) 
7 
(100.0%) 
0 
(0.0%) 
Note. Low-performance level includes level 1a, level 1b, and below level 1b. High-performance level includes level 5 and level 6. 
 
Table 4. Numbers and Proportions of DPF between ED and ID. 
Proficiency levels 
Total # 
(# for analysis) 
# of DPF 
(%) 
# of DPF students perform 
better on ED (%) 
# of DPF students perform 
better on ID (%) 
Low-performance  
985 
(413) 
4 
(1.0%) 
4 
(100.0%) 
0 
(00.0%) 
Level 2 
1367 
(836) 
18 
(2.2%) 
2 
(11.1%) 
16 
(88.9%) 
Level 3 
2122 
(1380) 
29 
(2.1%) 
2 
(6.9%) 
27 
(93.1%) 
Level 4 
2040 
(1206) 
22 
(1.8%) 
1 
(4.5%) 
21 
(95.5%) 
High-performance 
1194 
(463) 
6 
(1.3%) 
0 
(0.0%) 
6 
(100.0%) 
Note. Low-performance level includes level 1a, level 1b, and below level 1b. High-performance level includes level 5 and level 6. 
Figure 1 shows the proportions of DPF in three pairwise comparisons. Results indicate that DPF less occurs between ED and 
ID. Students in low/high performance level groups less function differentially, which indicates that students who have 
lower/higher science abilities behave poorly/well in all scales. Figure 2 shows the proportions of DPF students perform better 
on former scales in three pairwise comparisons. Results indicate that most DPF students perform better on the EP scale than 
ED and ID scales. In the comparison between ED and ID, students perform better on the ID scale except students in low-
performance level group.  
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Figure 1. Proportions of DPF across different performance levels. 
 
Figure 2. Proportions of DPF students perform better on former scales across different performance levels. 
DISCUSSIONS 
In the study, we apply differential person functioning to on the data of Taiwan PISA 2015 science literacy. The researchers use 
this method in order to know the science strengths and weaknesses of the 15-year-olds in Taiwan. Across 5 proficiency levels, 
as expected, there are less DPF students in low-performance (below level 1b, level 1b and level 1a) and high-performance 
(level 5 and level 6) level because they perform poorly/well across three scales. Although the significance level of MH is set to 
0.10, the proportions of DPF are still few. This implies most Taiwan students have a comprehensive science literacy. Up to 
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5.9% students perform differentially in three science competencies. In three pairwise comparisons, most DPF students perform 
better in the explain phenomena scientifically (EP) competency than the others no matter what proficiency level they are 
belong to. This may reflect the current situation of science education in Taiwan. The experts and teachers should develop more 
curriculums to reinforce the students’ competencies about evaluate and design scientific enquiry (ED) and interpret data and 
evidence scientifically (ID). 
In this study, the significance level of MH was set to 0.10 in order to understand the cognitive structures of Taiwan students. 
Nevertheless, the proportions of DPF are still not very much. Since the effect sizes of DPF are not provided, the degree of DPF 
is unidentified. DPF analyses only test the relative difference in two cognitive scales. Future studies can incorporate other 
cognitive diagnostic model to obtain more information in detail. 
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